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Introduction

The SciDAC Visualization and Analytics Center for En-
abling Technologies (VACET) focuses on leveraging sci-
entific visualization and analytics software technology as
an enabling technology for increasing scientific productiv-
ity and insight. Our mission is to foster scientific insight
through creating and deploying effective data understand-
ing technology that is truly responsive to the needs of our
stakeholders in the scientific research community who are
“awash in data.” It is widely accepted that one of the
bottlenecks in contemporary science is the need to gain
insight from vast collections of complex data.

The vision for our Center is to respond directly to this
challenge by adapting, extending, creating when neces-
sary and deploying visualization and data understanding
technologies for our science stakeholders. Organized as a
Center for Enabling Technologies, we are well positioned
to be responsive to the needs of a diverse set of scientific
stakeholders in a coordinated fashion using a range of vi-
sualization, mathematics, statistics, computer and com-
putational science and data management technologies.

Problem

Three primary challenges face the SciDAC visualization
and data understanding communities in their quest to
have a substantive impact on science and engineering.
First, visualization and analytics research and develop-
ment must be more attuned to the needs of SciDAC scien-
tists and engineers. While creating scalable visualization
tools is an important part of a broad strategy for meet-
ing those needs, simply creating an image of a terabyte’s
worth of raw scientific data does not guarantee increased
scientific insight. Indeed, if the resulting image is too
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complex, it will likely reduce the likelihood of discovery.
Second, visualization and analytics technologies are

be designed and implemented as part of a larger technol-
ogy ecosystem in which it is integrated with other com-
plementary technologies, like data management and par-
allel computing infrastructure, to better meet the data
understanding needs of the scientific community. These
technologies need to be integral with data acquisition,
management, storage, and retrieval, and be a part of a
researcher’s work environment rather as separate compo-
nent parts or isolated islands of capability. Visualization
and analytics technologies that are engineered to leverage
complementary technologies in data management, paral-
lel computing, and software engineering are much more
likely to succeed at their intended purpose and are there-
fore more likely to be used by scientists as part of their
day-to-day investigatory methodologies.

Third, visualization and analytics technology must be
deployed, maintained, and supported in the computing
environment. It is not enough simply to publish a visu-
alization research paper and post source code on a web
site. Scientific researchers need expert help from visual-
ization and analytics scientists to deploy, tune, and adapt
technology for their specific scientific domains. VACET’s
mission and scope directly addresses all of these impor-
tant challenges.

Results: Production Quality, Parallel Ca-
pable AMR Visualization

VACET are leaders in production quality, parallel adap-
tive mesh refinement (AMR) visualization and analysis
software infrastructure. We have recently deployed such
production quality AMR visualization software infrastruc-
ture to SciDAC scientific researchers. This result has
numerous direct benefits to those researchers. First, it
allows them to “buy rather than build”, thereby result-
ing in a direct cost savings of scientific staff: they no
longer need to develop and maintain AMR visualization
software. Second, the VACET technology allows them to
effectively use parallel computing infrastructure to per-
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form interactive visual data analysis to help answer sci-
entific questions in domains like combustion and astro-
physics. Third, since the VACET technologies is deployed
at DOE’s open computing facilities as well as on the sci-
entists’ desktop, this result is an example of successfully
bridging the gap across research, development and pro-
duction deployment activities within DOE’s science pro-
grams.

Figure 1: Production quality visualization of an AMR
simulation of a hydrogen flame. Sample data courtesy of
J. Bell and M. Day, Center for Computational Sciences
and Engineering, LBNL.

Results: Accelerating Scientific Knowledge
Discovery via Integrated Visualization and
Analysis

VACET researchers developed a novel approach for ana-
lyzing the complex topology of the Rayleigh-Taylor mix-
ing layer based on robust Morse theoretical techniques
(Figure 2). This approach systematically segments the
envelope of the mixing interface into bubble structures
and represents them with a new multi-resolution model.
With this result, it is now possible to perform a multi-
scale, quantitative analysis of the rate of mixing based
on bubble count. The analysis highlighted and provided
precise measures for four fundamental stages in the turbu-
lent mixing process that previously scientists could only
observe qualitatively, therefore enabling new insights and
deeper understanding in this fundamental phenomenon
(Figure 3).

Figure 2: Topological segmentation of the bubbles emerg-
ing in the mixing interface of a Rayleigh-Taylor instabil-
ity. Sample data courtesy of A. Cook and W. Cabot,
LLNL.

Figure 3: Quantitative analysis of a turbulent mixing sim-
ulation. The four flat regions of the derivative of the
bubble count identify the four mixing stages (from early
linear growth to late strong turbulence) and quantify the
rate of mixing at each stage. Sample data courtesy of A.
Cook and W. Cabot, LLNL.

Award-Winning Research

In addition to direct, positive impact on DOE’s science
community, VACET’s research portfolio has generated a
vast amount of field-leading work. This work includes
“Best Paper Award” winners from the last two IEEE Vi-
sualization conferences.
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Contact

Visit us on the web at http://www.vacet.org.
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